Periphyton communities were studied on several dominating macrophytes, Phragmites australis, Potamogeton lucens, and Nuphar lutea, in three different types of lakes. In soft-water mesotrophic Lake Mały Borek and in shallow, eutrophic Lake Gardno samples were collected about once every two months from April to November 2009. In eutrophic Szczecin Lagoon (the estuary of the Oder River), samples were only collected once in July. The aim of this paper was to determine the dry mass, the ash content, and the chlorophyll-a content of periphyton on a natural substratum, in order to determine the mass, the inorganicorganic status of periphyton, and the auto-heterotrophic character of this complex. The analyzed periphytic communities exhibited low dry mass at the beginning of the growth season, which increased with colonization period on the aquatic vegetation. The highest (but still low) values were achieved in autumn, which persisted, with small loss, until spring of the subsequent year. The differences in dry mass between each type of lake were small, but in the strongly eutrophic Szczecin Lagoon this index was slightly higher than in the other two water bodies. The highest dry mass was noted for periphyton dominated by
INTRODUCTION
Periphyton is a heterogeneous community of organisms colonizing different kinds of substrata submerged in water. Studying such complex ecological formations creates many difficulties as research methods are not yet standardized. Determining periphyton biomass, a basic parameter in tracing the energy flow through the ecosystem, is a difficult task, due to the complex structure of the community. Periphyton consists of autotrophic and heterotrophic organisms as well as detritus and inorganic components. In order to assess periphytic organisms quantitatively, many authors apply a microscopic method similar to that used in plankton analysis (Mieczan 2003 , Obolewski 2005 . However, this method alone seems to be insufficient because it omits the study of macroscopic organisms and because it presents difficulties for accurately determining the number of algae cells which are not diatoms (Eloranta 1983) . This method gives information about the number of specimens per unit of surface (of water body or substratum) but ignores periphyton biomass. The mass of periphytic organic matter can be estimated gravimetrically on the basis of dried and combusted samples, but with this method it is impossible to estimate the proportion of autotrophs, heterotrophs and detritus. A partial solution to this problem can be to use chlorophyll-a content measurements as an indicator of the proportion of autotrophs and ash content analysis as an indicator of the proportion of inorganic matter (Fernandes and Esteves 2003) . Determining periphytic biomass is also complicated because of the large diversity of natural substrata. Many macrophyte species are characterized by a complex architecture, hence methodological difficulties occur in collecting samples. Researchers have attempted to address this problem by experimenting with substrata in simple forms (Sladeckova 1960 , Sher -Kaul et al. 1995 , Coppellotti and Matarazzo 2000 . These investigations demonstrated that colonization of artificial substrata differs from that of a natural substratum, with regard to both organisms taxonomic composition and biomass (Wetzel 1983, Albay and Akcaalan 2003) . Perhaps, this results from the absence of allelopathic interactions between aquatic plants and the organisms overgrowing them (Gross 2003) . Nevertheless artificial substrata have become very important in practical applications: in water purification, suspension retention, in removing nutrients (Szlauer and Świerczyńska 1988, Piesik and Obolewski 2000) and in aquaculture (Azim et al. 2004) .
The aim of this paper is to characterize periphyton inhabiting several natural substrata in the littoral zone of three lakes, which are different in their trophic status. Dry mass, ash content and chlorophyll-a content of the periphyton were analyzed in order to classify the periphyton as inorganic or organic and as autotrophic or heterotrophic.
MATERIALS AND METHODS
The investigation was carried out in soft-water, lobelian, dimictic, inland Lake Mały Borek, in eutrophic, polymictic, costal Lake Gardno, and in Szczecin Lagoon which is eutrophic, polymictic, estuarine bay (Fig. 1) . In the two former lakes samples were collected about every second month from April to November 2009, whereas in the Szczecin Lagoon samples were collected only once, in July. In each lake the periphyton was studied mainly on Phragmites australis and less frequently on Potamogeton lucens and Nuphar lutea.
Sixty-centimeter-long pieces of reed stems (Phragmites australis) with periphyton were cut out 10 cm below the water surface. Potamogeton lucens overgrown by a periphytic community was collected from the bottom of the lake with the help of a dredge. Leaves of Nuphar lutea were collected straight from the lake surface. Samples were placed in plastic bottles with lake water. At a later time the fouling was brushed off the substratum fragments and their surface areas were determined. The resulting suspension was divided into four equal parts, about 150 ml volume each, and two subsamples were vacuum filtered through pre-burned and pre-weighed Whatman GF 6 filters (destined for dry mass analysis) and another two through MN 85/70 filters (destined for pigment analysis) with the aid of a Sartorius filtration set.
Dry mass was determined after the filters were dried in a drier at 60°C for 24 hours and ash mass was determined after filters were burned for half an hour using a muffle furnace at 550°C. Chlorophyll-a content was estimated using a standard method with acetone as a solvent, according to Jeffrey&Humphrey (1975) and Lorezen (1967) . Received results were calculated per 1 m 2 surface of the substratum. For Phragmittes australis and Nuphar lutea this was done directly, while for Potamogeton lucens periphyton data were initially calculated per plant volume unit. Afterwards 1 m 2 plant surface area to dm -3 volume relationship was used (N. Wolnomiejski, personal communication). For the periphyton classification three indexes proposed by Lakatos et al. (1998) were adopted (Table 1) .
RESULTS AND DISCUSSION
The investigated lakes differed with respect to morphometric characteristics (Majewski 1980 , Burchart 2004 , conductivity, salinity, and water transparency (Mudryk 2003; Jarosiewicz, Witek 2009; WIOŚ. 2008) (Table 2) . However, Lake Gardno and Table 1 Classification of the periphyton. (Lakatos et al. 1998) the Szczecin Lagoon were both eutrophic. On the other hand, in the littoral zones of lakes Mały Borek and Gardno the concentration of dissolved oxygen was similar and close to saturation level (8.1 -11.5 mg O2 dm -3 in Mały Borek and 9.6 -11.1 mg O2 dm -3 in Gardno), while in Szczecin Lagoon in July there was a 170% oxygen oversaturation (14.3 mg O2 dm -3 ). Temperature was comparable for given dates across all three lakes. In the investigated lakes periphyton occurring on dominating macrophytes consisted of authotrophs, heterotrophs, detritus and inorganic matter. Proportions of these fractions were different, depending on the character of the lake, season and type of substratum.
The lowest values of periphyton dry mass on common reeds were found in mesotrophic, softwater Lake Mały Borek, where on average periphyton dry mass was 2.6 g m -2 of the substratum. In eutrophic Lake Gardno this value was higher -3.3 g m -2 . In Szczecin Lagoon the amount of periphyton dry mass was variable, depending on the presence or absence of colonies of hydroid Cordylophora caspia, which only grew on some reeds. With C. caspia present, as much as about 29 g m -2 of periphyton dry mass was noted on reed stems. Periphyton formations without C. caspia were characterized by much lower dry mass (1.8 g m -2 on average), but it was still higher than in other lakes in the same time (Fig. 2) . In Lake Mały Borek in June periphyton on Nuphar lutea and Potamogeton lucens was also characterized by low dry mass, but not in the case of Potamogeton lucens in Szczecin Lagoon, where in July periphyton dry mass was the highest and amounted to about 197 g m -2 .
Strong, seasonal changes in periphytic dry mass were observed in Lake Mały Borek, as well as in Gardno (Fig. 3) . In both lakes dry mass of periphyton increased systematically throughout the growing season. Maximal values were achieved in autumn, after rapid growth which was probably In spite of some differences in dry mass of periphyton between investigated water bodies, generally all communities belonged to the low dry mass category (category III, according to the classification of Lakatos et al. 1998 ; Table 1), with the exception of periphyton on Potamogeton lucens and periphyton on Phragmites australis dominated by colonies of Cordylophora caspia in Szczecin Lagoon, which can be classified as categories I and II (high and average dry mass), respectively (Table 3) . Similarly, the periphyton which developed on the submerged stems of the common reed in oligotrophic Lake Maarsseveen in Holland was of low mass (Meulemans, Heinis 1983) , as in eutrophic and shallow Lake Kis-Balaton and Kiskore Reservoir in Hungary (Kiss et al. 2003) . Periphyton of Typha domingensis in Imboassica Lagoon in Brazil was classified as low to average dry mass (Fernandes, Esteves 2003) . Imboassica Lagoon and Szczecin Lagoon share similar conditions. High periphytic dry mass (I) was found mainly on submersed macrophytes in eutrophic and rather vast and deep water bodies in north-eastern Europe (Kowalczewski 1975; Muller 1983; Laugaste, Lessok 2004) (Table 4) , which was consistent with the situation on Potamogeton lucens in Szczecin Lagoon.
Organic-inorganic status of periphyton can be estimated on the basis of ash contribution in dry mass, according to a 4-grade scale proposed by Lakatos et al. (1998) (Table 1) . Investigated periphyton belonged to all four categories ( Table 3) . Inorganic status (I) was noted only in the case of the submersed plant Potamogeton lucens, studied in Lake Mały Borek (Fig. 4) . High inorganic encrustation of leaf surfaces of submersed plants is a well-known phenomenon, resulting from CaCO3 precipitation, accompanying bicarbonate uptake during carbon assimilation by these macrophytes (Wetzel 2001) . Similarly high ash content (70-87%) was found by Kowalczewski (1975) on 4 species of submersed macrophytes (Potamogeton perfoliatus, Potamogeton lucens, Elodea canadensis and Myriophyllum spicatum) in Lake Mikołajskie. Wetzel (1960) found that in calcareous hard waters the carbonate deposits encrusting the submersed leaves of macrophytes often exceeded the weight of plant material. These findings question the Table 3 Classification of periphyton on various macrophyte species in various months DM -dry mass; AFDM -ash-free dry mass. Table 4 Dry mass of periphyton on various substrata in various environments. use of dry mass as a proxy for periphyton biomass. Ash-free dry mass seems to be a more appropriate index for characterizing the quantity of periphytic living matter, at least for submerged macrophytes. Periphyton samples collected from Potamogeton lucens in Szczecin Lagoon and samples collected from reeds in Lake Gardno in spring were inorganic-organic status (II), but close to inorganic. Samples collected from reeds in Szczecin Lagoon were categorized as inorganic-organic (II) or organic-inorganic (III), depending on the absence or presence of C. caspia in the periphyton. A relatively high contribution of inorganic material in the periphyton on reeds in Lake Gardno and in Szczecin Lagoon could be explained by a high concentration of mineral particles in the water column, resulting from sediment resuspension by strong wind mixing in these shallow water bodies, or by high suspended material content in the rivers flowing into them. A similar situation was observed in Imboassica Lagoon in Brazil (Fernandes, Esteves 2003) and in shallow Lake Kis-Balaton and Kiskore Reservoir in Hungary (Kiss et al. 2003) . Organicinorganic (III) or even organic (IV) status of reed periphyton in Lake Gardno was noted in summer, which is a more stable period, but also in autumn. Lake Mały Borek was the only place where periphyton on reeds was regularly classified as category IV, organic. Low ash content also occurred on Nuphar lutea (Fig. 4) . The relatively small fractions of inorganic substances in this community were probably the result of water cleanliness, lack of flow and the soft-water character of the lake. Seasonal changes in periphytic chlorophyll-a indicate modifications in the composition of periphytic organisms during the colonization period. Auto-heterotrophic status (category II) of the periphyton was noted only for short periods of time (Table 3) , and totally autotrophic formations (category I) were not noted at all. In most cases hetero-autotrophic (III) periphyton was observed. Interestingly, periphyton dominated by Cordylophora caspia in Szczecin Lagoon was classified as autoheterotrophic (II), indicating rich algal flora cohabiting with hydroids. Probably the horny outer skeleton (perisarc) of this animal forms a suitable secondary substratum for microautotrophs. The smallest chlorophyll-a content values (category IV) were observed on Phragmites australis in April and November, at the very beginning and end of the vegetative period. Relatively low chlorophyll-a contribution was also noted on Nuphar lutea, which makes sense, because samples from that plant were collected from the undersides of leaves, and also on Potamogeton lucens, which was collected from a greater depth. These observations suggest that the autotrophy index of periphytic communities is largely dependent on the light environment.
CONCLUSION
The periphyton types that form on various macrophytes can be characterized by their mass values, the proportion of organic and inorganic fractions, and their chlorophyll-a contents. The investigated lakes are characterized by the lack of significant differences in these parameters, despite strong differences in the trophy status of the lakes. This suggests that further studies are required to better understand periphyton complexes.
Additionally, the classification system developed by Lakatos et al. (1998) and adapted for use in the present study turned out to be appropriate only for vegetation above the surface of the water. To determine the status of periphyton on submerged plants information about its ash-free dry mass would be more appropriate than information about dry mass. Hence, correction of the classification of periphyton on submerged macrophytes is needed.
